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12th Kovacs Colloquium
Water-related Sustainable Development Goals (SDGs) implementation:  
Knowledge, data, indicators, tools & innovations

This colloquium is the 12th edition of a series of biennial international scientific meetings jointly organized by 
the International Hydrological Programme (IHP) of UNESCO and the International Association of Hydrological 
Sciences (IAHS) in the most challenging fields of water resources research. These scientific meetings 
commemorate the late George Kovacs, an established authority on hydrology, who served as Chairman of 
the Intergovernmental Council of IHP and as Secretary General and President of IAHS. Former editions of this 
colloquium led to publications in the 92-years old IAHS Red book series (http://iahs.info/Publications-News/), 
until the last one in 2014 on Hydrological sciences and Water Security as an open access volume of the 
reframed PIAHS – Proceedings of IAHS journal (http://www.proc-iahs.net/volumes.html). 

This 12th Kovacs Colloquium takes place on 15 June 2016 at UNESCO Headquarters, Paris, during the 22nd 
Session of the Intergovernmental Council of the IHP. The Colloquium is comprised of a series of invited lectures, 
an interactive panel session and a poster. 

The Colloquium will focus on the inputs for water-related SDGs implementation adopted by the UN’s 193 Member 
States in September 2015 and will address methodological issues and challenges for SDGs implementation 
and monitoring using a set of global indicators, in particular SDG 6 addressing water issues, and transversal 
and related SDGs such as end of poverty (SDG 1), food security (SGD 2), well-being (SDG 3), energy (SDG 7), 
resilient cities including disasters (SDG 11), climate change (SDG 13) and international cooperation (SDG 17). 

Hydrological and water resources issues are central in the implementation of the goals set in the 2030 Agenda 
for Sustainable Development (2030 Agenda). The 2030 Agenda has a dedicated goal on water and sanitation 
(SDG 6): “ensure availability and sustainable management of water and sanitation for all”. However, water has 
a crosscutting role as it is linked to many SDGs. It is thus paramount to address methodological issues and 
challenges for water related SDGs’ implementation and monitoring using global indicators. This contributes not 
only to achieving the 2030 Agenda but also other global agendas, including the Paris Agreement of COP21 and 
the Sendai Framework for Disaster Risk Reduction.

The Eighth phase of IHP 2014-2021 (IHP-VIII) on water security aligns with the global agendas and covers 
thoroughly the critical issues to be addressed in achieving a sustainable future. Through its activities of enhancing 
the science policy interface, promoting international cooperation to mobilize research and promoting human and 
technical capacity building, IHP contributes to dealing with the complex, rapid environmental and demographical 
changes. It supports the development of holistic, multidisciplinary and environmentally sound approaches to 
water resources management and protection in line with the UN goals and commitments, such as the Paris 
Climate Change agreement, the international development agenda 2030 and the Sustainable Development 
Goals. The Panta Rhei research decade of IAHS is set to progress on the issue of change in hydrology and 
society, by obtaining a deeper understanding of the interlinkages and dynamic feedbacks between hydrology 
and society. 

Some 11 invited keynote papers will be presented during the Colloquium, abstracts of which are included 
in this brochure. Ms Sonia Seneviratne of ETH Zurich provides an overview of the “World Climate Research 
Programme’s Grand challenges in climate extremes and water availability”; Ms Blanca Jiménez-Cisneros of 
UNESCO introduces the key role represented by the “International Hydrological Programme’s (IHP) actions 
in the framework of the implementation and monitoring of the 2030 Agenda Sustainable Development Goal 
(SDG) 6 and other water related targets”; Mr Hubert Savenije of IAHS explains the contribution of IAHS by 
addressing the question “How does Panta Rhei, the Science Decade of IAHS, contribute to achieving the 
SDGs?”; Mr Toshio Koike of ICHARM presents the interlinkages of “Sendai, SDGs and Paris Agreement in 
Relation to Water Related Disasters”

The session continues with a series of presentations which focuses in addressing specific topics: Ms Carol 
Chouchani Cherfane of the Economic and Social Commission for Western Asia (ESCWA) presents the “SDG 



Challenges and Monitoring: Prospective from water scarce regions”; Mr Francesco Sindico of the Strathclyde 
Centre for Environmental Law and Governance shows the importance of “Transboundary Water Cooperation 
and the Sustainable Development Goals”; Mr Christopher Neale of the University of Nebraska-Lincoln presents 
the “Water-Food Nexus: The Role of Irrigation for Food Security”; Ms Akissa Bahri of the National Water 
Research Institute for Rural Engineering, Water and Forestry of Tunisia speaks on the “Science, Technology 
and Innovation for Water-related SDGs in Least Developed Countries”; Mr Doulaye Kone of the Bill & Melinda 
Gates Foundation presents the “Innovation and Means of Implementation for SDGs: Birthing the Non-Sewered 
Sanitation Industry”; Mr Koos Wieriks of the Ministry of Infrastructure and the Environment of the Netherlands 
speaks on the “Monitoring of SDGs – Proof-Of-Concept (POC) countries” and Mr Casey Brown of the University 
of Massachusetts presents “Towards a Hydrologic Science in Service to the SDGs and Society: Some Practical 
Examples”.

The keynote papers will be supplemented by a number of poster papers.

The Colloquium concludes by bringing the themes of the keynote papers and poster presentations into a 
Panel Discussion on the “Role of governments, international organizations and scientists on monitoring of 
SDGs (Knowledge, data, indicators, tools & innovations available for Implementation)”. The panelists include: 
Mr Jeffrey McDonnell of the Global Institute for Water Security of the University of Saskatchewan, Mr Denis 
Hughes of Rhodes University, Mr Johannes Cullmann of the World Meteorological Organization (WMO), Ms 
Carol Chouchani Cherfane of ESCWA, Mr Stefan Uhlenbrook of the UN World Water Assessment Programme 
(WWAP) and Ms Akissa Bahri of the National Water Research Institute for Rural Engineering, Water and Forestry 
of Tunisia.

Thus, this Kovacs Colloquium gathers a wide variety of perspectives from around the world addressing the role 
of hydrology and water resources in the global agenda and particularly on our path towards a sustainable future. 

A synthesis of the keynotes and panel discussion will be prepared which is expected to emphasize that the 
science of hydrology and its application are prerequisites for informed action to guide SDGs implementation 
and monitoring from local, national, to regional scales. It will also highlight current knowledge and information 
gaps with regard to SDGs relevant processes. The panel session is expected to critically discuss the role of 
governments, international organizations and scientists on monitoring progress of the SDGs, and the knowledge, 
data, indicators, tools and innovations available and needed for their implementation.

Keynote papers and extended abstracts of posters will be post-published late 2016 in a dedicated open access 
PIAHS volume.

The Organizing Committee of the 12th Kovacs Colloquium

Anil Mishra and Abou Amani (UNESCO-IHP)
Christophe Cudennec and Pieter van der Zaag (IAHS)

Acknowledgement: the organizing committee would like to thank especially Takahiro Konami, Barbara 
Kavuma Lwanga, Bárbara Ávila and Yo Nishimura, IHP Secretariat for their support towards the success of the 
Colloquium.
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World Climate Research Programme’s Grand challenges 
in climate extremes and water availability
Sonia I. Seneviratne,1 Lisa Alexander,2 Gabriele Hegerl,3 Peter van Oevelen,4 
Jan Polcher,5 Roy Rasmussen,6 Graeme Stephens,7 Xuebin Zhang8

1ETH Zurich, Switzerland, 2UNSW, Sydney, Australia, 3U. Edinburgh, UK, 4GEWEX International 
Project Office, MD, USA, 5LMD, Paris, France, 6NCAR, Boulder CO, USA, 7JPL, Pasadena CA, 
USA, 8Environment Canada, Toronto, Canada.

The World Climate Research Programme (WCRP, 
http://wcrp-climate.org) has defined new Grand 
Challenges for current climate research. Two of these 
Grand Challenges address issues related to climate 
extremes (including droughts and heavy precipitation 
events) and water availability. This presentation will 
provide an overview of these grand challenges and the 
currently identified research priorities in these areas, 
with a focus on water sustainability in the context of 
climate change. In particular, new imperatives in the 
framework of the Paris agreement will be discussed, 
including the definition of climate emissions targets 
and approaches for regional climate adaptation and 
mitigation. 

For climate extremes, identified focus areas include (1) 
the documentation of extremes through the rescuing 
of existing observations and the development of new 
observational datasets also considering satellite-
based measurements, (2) the better understanding 
of the relative roles of large-scale, regional and local 
scale processes for the formation of extremes, (3) 
the assessment of the suitability of current climate 
models for simulating extremes and their changes, 
and of how their performance can be improved, and 
4) the identification of the contributors to observed 
extreme events and to changes in the frequency and 
intensity of the observed extremes (Figure 1).

Figure 1:  Themes and extremes analysed in the WCRP extremes Grand Challenge (Zhang et al. 2013, Alexander et al. 2015).

The water availability grand challenge is currently 
being defined under the leadership of the Global 
Energy and Water Exchange project (GEWEX, http://
www.gewex.org) with a focus on a few selected 
food basket regions of the world and their sensitivity 
and/or resilience to changes in water cycle. In 
particular, new long-term observations and modelling 
experiments are being planned to better understand 
and represent changes in water availability in key 
food-producing regions. Including modules for human 
water use, land cover and land use changes, and the 
improved representation of atmospheric processes in 
climate models is essential to make their forecasts 
and projections for future climate more relevant for 
regional decision makers. 

References:

Alexander, L.V., X. Zhang, G. Hegerl, and S.I. Seneviratne, 
2015: Implementation plan for WCRP Grand Challenge on 
Understanding and Predicting Weather and Climate Extre-
mes. (available from: http://wcrp-climate.org/images/doc-
uments/grand_challenges/WCRP_Grand_Challenge_Ex-
tremes_Implementation_Plan_v20150203.pdf )

Zhang, X., G. Hegerl, S.I. Seneviratne, R. Stewart, F.W. Zwiers, 
and L.V. Alexander, 2013: WCRP Grand Challenge: Un-
derstanding and Predicting Weather and Climate Extre-
mes. White paper of the WCRP. (available from http://
wcrp-climate.org/images/documents/grand_challenges/
GC_Extremes_v2.pdf)
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International Hydrological Programme’s (IHP) actions in the framework 
of the implementation and monitoring of the 2030 Agenda Sustainable 
Development Goal (SDG) 6 and other water related targets

Blanca Jiménez-Cisneros1

1International Hydrological Programme (IHP), Division of Water Sciences of UNESCO

Water and sanitation are at the very core of sustainable 
development. Safe drinking water and adequate 
sanitation and hygiene are pillars of human health and 
well-being.

In September 2015, Heads of State and Government 
and High Representatives from the 193 Members 
of the United Nations General Assembly adopted 
the 2030 Agenda for Sustainable Development 
comprised of 17 Sustainable Development Goals 
(SDGs) and 169 targets. The 2030 Agenda includes 
a dedicated goal on water and sanitation (SDG 6) 
that sets out to “ensure availability and sustainable 
management of water and sanitation for all.” 

Monitoring will be critical to ensure the success of 
the SDG 6 and water related targets. It is therefore 
necessary to identify and apply specific, measurable 
and action-oriented indicators. To respond to these 
monitoring needs, an Inter-Agency Initiative called 
“Integrated Monitoring of Water and Sanitation 
Related SDG Targets” (GEMI) was established in 
2014 under the UN-Water umbrella. A GEMI Steering 
Committee was also established, consisting of 
seven United Nations Agencies working under the 
coordination of UN-Water. UNESCO is one of the 
seven Steering Committee members along with 
UNEP, UN-HABITAT, WHO, FAO, UNICEF and WMO. 
The initiative is financed by the Swiss Agency for 
Development Cooperation (SDC). 

The objective of the GEMI initiative is to develop 
coherent methodologies for monitoring in an integrated 
manner water and sanitation related SDG targets. 
GEMI, is currently being developed, integrating and 
expanding existing efforts to ensure harmonised 
monitoring of the entire water cycle. The first phase 
of this Initiative will focus on the development of a 
Monitoring Guide for use in countries by countries, 
and for the establishment of a global baseline. 
However, before the methodologies are rolled-out 
globally, they will be pilot tested in a small number of 
countries and revised as necessary based on lessons 
learned. 

The six selected countries to pilot-test in 2016 the 
monitoring methodologies for SDG 6 are Uganda, 
Senegal, Peru, Bangladesh, Jordan, and The 
Netherlands. Following a UN-Water mandate, 
UNESCO has already started to facilitate the 

implementation of the pilot test monitoring activities 
in The Netherlands and Jordan since April 2016. The 
pilot test in Jordan is being conducted in cooperation 
with UN-Habitat and coordinated by the UNESCO 
office in Amman.

It is also imperative to identify the key links and inter-
dependencies between the (SDG-6) and other goals 
and targets and to address them with the integrated 
approach. Social dimension also links many other 
SDGs with the Goal 6. For example, social issues 
connect through Goal 6 to poverty, food, health, 
education, gender and education related SDGs. 
UNESCO has a unique mandate to address those 
interlinkages among the SDGs.

Since water-related disasters account for about 90% 
of all disasters, and the implementation of disaster 
risk reduction strategies (DRR), including integrated 
flood and drought management, can effectively 
reduce overall vulnerability, securing livelihoods and 
minimizing disaster exposure, which is along the line 
of the theme 1 of the IHP (VIII-2014-2021). UNESCO-
IHP and its water family will provide assistance 
to Member States to build enhanced human and 
institution capacity to achieve and monitor SDG 
targets 11.5 and 13.1 on climate related hazards 
and natural disasters, which include water related 
disasters.  

Furthermore, the 47th United Nations Statistical 
Commission decided in March 2016 to include a 
new indicator, indicator 6.5.2, on transboundary 
cooperation: “Percentage of transboundary basin area 
with an operational arrangement for water cooperation” 
within the target 6.5 “By 2030, implement integrated 
water resources management at all levels, including 
through transboundary cooperation as appropriate”. 
In this framework UNESCO received a mandate from 
UN-Water as a responsible agency for the definition 
of the methodology for this indicator. UNESCO will 
define this methodology in close cooperation with the 
United Nations Economic Commission for Europe 
(UNECE).

The set of presented case studies shows very well 
the ways in which IHP could contribute to advance 
each specific target of goal 6 for the 2030 Agenda. 
However, it is important for the scientific, technical and 
political community to clearly identify in a coordinated 



manner through IHP activities, pathways and tools 
the UNESCO water family could use to enhance its 
contribution to the Future We Want agenda. Examples 
of the way forward are provided in the presentation.

Following the resolution of the 21st IHP 
Intergovernmental Council (Paris, June 2014) and 
the decision of 53rd session of the IHP Bureau (Paris, 
April 2016) recommending that the IHP Secretariat 
should continue close cooperation with UN-Water 
members in the framework of 2030 Agenda, the IHP 
participation will involve also other actions including 
capacity building, improvement of knowledge base 
for policy advice and better management in support 
to Member States for the implementation and 
monitoring of SDG 6 and other Goals and targets.
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How does Panta Rhei, the Science decade of IAHS, contribute 
to achieving the SDGs?
Hubert H.G. Savenije1 

1International Association of Hydrological Sciences

Water is central in many of the SDG’s. It reaches far 
beyond SDG6 to Ensure Availability and Sustainable 
Management of Water for all. It connects closely to 
Ending Poverty (SDG1), to Achieving Food Security 
(SDG2), to Ensuring Access to sustainable and 
affordable energy (SDG7), to Reducing Flood Hazard 
to communities (SDG11), to Protecting Terrestrial 
Ecosystems and preventing land degradation 
(SDG15), and, being a crucial resource to virtually all 
economic activities, to Sustainable Economic Growth 
(SDG8). 

Hydrology is the science of the occurrence of water 
in the terrestrial system. Until recently, hydrological 
science concentrated on studying the behaviour of 
water in preferably pristine environments, where the 
influence of human activities was minimum. However, 
in recent decades, the realisation has grown that 
people, much like ecosystems, interact with the 
hydrological system in a two-way manner, leading to 
changes in the properties of hydrological processes. 
And, just like the interaction between water and 
ecosystems, the people-water interactions have 
properties of co-evolution. The terrestrial system, 
consisting of an interaction between Landscape, 
Climate, Water, People and Ecosystems, has all 
characteristics of a complex system with a certain 
amount of self-organisation. This self-organisation is 
the result of evolutionary processes that are Darwinian 
in nature. The International Association of Hydrological 
Sciences (IAHS) has realised that if water managers 
are asked to analyse future scenarios, that this is only 
possible if the feedback between water and society 
is given due consideration. This realisation was the 
trigger for the new science decade (2013-2022) of 
IAHS on changes in Hydrology and Society: Panta 
Rhei -- Everything Flows.

Panta Rhei has many working groups trying to include 
societal interactions in hydrological processes, 
making use of complex dynamic system models. 
The objective of Panta Rhei is threefold. Firstly, we 
aim at understanding this complex system better. 
This is done by learning from past developments, 
and by comparing these with system models trying 
to reproduce such developments. Second, we try to 
predict feasible futures, by considering the societal 
feedbacks that we assume to be present in our 
system models. And thirdly, we try to convert this new 
science into practice, by addressing societal needs, 
assisting policy making, and creating tools for direct 
implementation.

So the ambition of Panta Rhei is to prepare the scientific 
foundation on the basis of which interventions towards 
achieving the SDGs can be evaluated and tested 
under continuously changing boundary conditions. In 
this way, the IAHS is fully committed to serving the 
global community in achieving the 2030 Agenda.
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Sendai, SDGs and Paris Agreement in Relation to Water 
Related Disasters
Toshio Koike1 

International Centre for Water Hazard and Risk Management (ICHARM),  
Public Works Research Institute, Japan 

Three Agreements in 2015 and Roles of 
Science and Technology

Our actions toward development - aiming at securing 
food, water resources, energy, and health and meeting 
other human needs – together with a rapid increase 
in population have been liable to bring about societal 
problems such as improper land use changes, 
disorderly urbanization, and unstable governance. 
Such pursuit of development has also resulted in 
unwanted global-scale environmental issues such 
as climate change, desertification, deforestation 
and loss of biodiversity. All of these are obstacles to 
sustainable development, and even have become 
causes of devastating damage when coupled with 
intensifying hazards. To reconcile the relationships 
among development, environmental issues, and 
disasters, important global decisions were made and 
came to fruition in 2015, with the Sendai Framework 
for Disaster Risk Reduction 2015-2030 (Sendai 
Framework) in March, the Sustainable Development 
Goals (SDGs) in September, and the Paris Agreement 
on Climate Change (Paris Agreement) in December. 
Connected and coordinated actions among these 
agreements are required to address the issues 
associated with development.

It is first of all important to identify and visualize 
disaster and environmental risks under the horizon 
by taking a holistic view of the changes in hazards, 
vulnerabilities and exposures arising from these 
societal and environmental problems. Then, effective 
measures should be taken to reduce the elicited 
risks. While doing so, we should bear in mind that 
current science and technology are not perfect, and 
that unprecedented events beyond existing scientific 
recognition can occur. Thus, upon exposure to 
unexpected natural, unintentional, and intentional 
hazards, it is indispensable to build capabilities for 
making proper, timely decisions for action to protect 
lives and communities and fully recover from their 
impact. Thus, it is critical to make our societies 
resilient, ensuring that they are capable of addressing 
the different phases in a seamless manner from risk 
reduction in normal times, to emergency response 
upon an event - including mental and physical health 
management - and to recovery.

Toward Resilient Societies

To build such resilient societies, we should develop 
and practice concrete steps to maximize the benefits 
of science and technology with the following two 
perspectives. 

The first perspective is concerning the promotion of 
inter-disciplinary research between natural sciences 
and humanities/social sciences: the former specializes 
in understanding problem occurrence mechanisms 
and design/maintenance of social infrastructure and 
its functions, and the latter in evaluating impact on 
socio-economic activities and analysis of human 
perceptions from the viewpoint of behavioral science. 
The collaboration of these two domains should 
be extensively pursued to improve risk reduction 
capability and preparedness. Water often plays a 
key role in bridging different disciplines, particularly in 
the context of climate change. For example, water is 
used to interpret climate projection model outputs as 
inputs to impact assessment models for ecosystems, 
agriculture and forestry, energy, economy, health, and 
human settlement and infrastructure. Hydrological 
models have an inter-linkage function between 
natural sciences and humanities/social sciences. To 
strengthen this function, a water-related data- and 
model-integration system should be developed.

The second perspective is concerning the promotion 
of trans-disciplinary cooperation between sciences 
and our society. In the recognition that the 
implementation of science and technology in society 
should be the frontier, efforts should be made to 
develop and strengthen a platform where scientists 
and practitioners can work closely together with 
all relevant stakeholders based on discussions on 
actual situations. For example, people emphasize 
the importance of human settlement and agriculture 
productivity and recognize floods and droughts as the 
key critical hazards to societal benefits. Changes in 
climate systems and unplanned land use are very likely 
to intensify floods and droughts and then increase 
their inducing damage to human life and agricultural 
productivity. Responding to such needs, it is effective 
to develop a ground-satellite-model combined 
with a hydrological monitoring system and a water 
cycle-crop production simulation system. Efforts 



should also be made to enhance communication, 
coordination, and cooperation, develop standardized 
operating procedures for emergency response, 
reduce any internal jurisdictional conflicts, and 
introduce communication technologies customized 
for local needs and conditions. The utilization of all 
such tools should be promoted, and simultaneous 
training should be provided for all local stakeholders 
to become familiarized with these tools.

Expected Roles of Hydrology

Hydrology, in collaboration with wide-range disciplines, 
should contribute to decision-making by deepening 
the understanding of natural and human-induced 
changes, improving the ability to anticipate future 
emergencies and quantifying impacts. Hydrology is 
expected to work together with society by sharing and 
interpreting critical data and information for planning, 
rapid response, and recovery, particularly at a local 
scale. Furthermore, hydrology needs to cultivate 
better understanding of the inter-linkage between 
natural sciences and humanities/social sciences and 
strong international cooperation against cascading 
effects of disasters and environmental changes.
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SDG Challenges and Monitoring: Prospective from water 
scarce regions
Carol Chouchani Cherfane1 

1Water Resources Section, Sustainable Development Policies Division, United Nations Economic 
and Social Commission for Western Asia (ESCWA) Beirut, Lebanon

The 2030 Agenda for Sustainable Development 
puts forth an ambitious set of seventeen goals and 
169 targets for guiding action towards a collective set 
of global objectives. The universality and indivisibility 
of this agenda adopted by United Nations Member 
States is unique in that; it aims to achieve these goals 
for all irrespective of current conditions. Sustainable 
Development Goal (SDG) 6 aims to ensure availability 
and sustainable management of water and sanitation 
for all, while fourteen other goals explicitly or implicitly 
rely on water for their achievement. This presents a 
challenge for water scarce regions, where access 
to freshwater resources is largely a constraint to the 
achievement of sustainable development.

Water scarcity is specifically recognized in SDG 
6.4, which aims to address water scarcity and 
substantially reduce the number of people suffering 
from water scarcity. The target highlights three 
means of doing so, namely substantively increasing 
water use efficiency across all sectors, ensuring 
sustainable water withdrawals and ensuring the 
supply of freshwater. The United Nations Statistical 
Commission is currently considering two indicators 
for measuring progress towards these sub-targets, 
namely the percentage change in water use efficiency 
over time, and the percentage of total available water 
resources used, taking into account environmental 
water requirements.

Unfortunately, the instruments and associated 
indicators specified in SDG 6.4 are not aligned with 
the spirit of inclusivity laid out in the global agenda. 
Rather than seeking to quantify the number of persons 
currently suffering from water scarcity and monitoring 
its reduction, the global targets and indicators identify 
management tools for increasing the supply of 
freshwater through improved efficiency and reducing 
water stress on environment and land resources. 

While these are important tools to consider, this 
sidesteps efforts to assure the human right to 
water and sanitation. Doing so would be possible 
from a bottom-up, people-centred approach that 
considers local, national and regional vulnerability 
to water scarcity. Such an approach would allow 
for clearer consideration of associated pressures 
affecting water scarcity, such as conflict, population 

movements, climate change, water-related disasters, 
cost and continuity of water services, as well as the 
geopolitics of shared water resources management 
and occupation. The centrality of water security for 
people in water scarce communities is thus ignored. 
This is no more important than in Palestine, where 
some villages survive with less than 35 litres of water 
per day, and the cost of drinking water from portable 
tanks reaches US$ 3.5/m3, as found in recent field 
surveys conducted in the West Bank under the 
regional MDG+ Initiative.

In tandem, the metrics for measuring water scarcity as 
well as access to drinking water and sanitation ignore 
the resilience of water scarce regions to overcome 
the challenges that beset them. For instance, the 
determination of water stress in SDG 6.4 is currently 
based on calculating total freshwater withdrawal, 
which explicitly excludes non-conventional water 
resources. However, the reuse of treated wastewater, 
agricultural drainage water and desalinisation are 
largely considered standard practices in water scarce 
regions today. Rather than recognizing and promoting 
this evolution in water resource management, 
innovations related to water harvesting, desalination 
and treated wastewater reuse are relegated to SDG 
6.a under a capacity building umbrella that seems 
to imply underdevelopment in these areas and 
confusingly identifies foreign donor assistance dollars 
as the means for measuring progress. Contrarily, had 
these measures been incorporated into monitoring 
frameworks, water scarce countries such as Tunisia, 
Morocco, Saudi Arabia and the United Arab Emirates 
could have demonstrated leadership in this area in 
their efforts to overcome water scarcity.

In the same light, the SDG 6.3 indicator related to 
wastewater treatment does not move ahead with 
suggesting the monitoring its reuse, although this 
is well-developed in water scarce environments for 
various purposes. Additionally, access to safe drinking 
water and sanitation need to be considered in water 
scarce contexts, where the use of water trucks to 
deliver water (e.g., Jordan, Lebanon, Palestine), as 
well as utility-operated trucking facilities to transfer 
wastewater for treatment (e.g., Oman) are necessary 
under water scarce conditions.



Not considering these non-conventional water 
resources in water scarce regions may even provide 
mixed messages with regards to efforts to reduce the 
number of people facing extreme water scarcity. For 
instance, under the current targets and indicators, 
investments in solar desalination and efforts to 
install a desalination plant to serve the people of 
Gaza would be considered capacity building efforts 
rather than measures that advance the achievement 
of SDG 6.4 as well as related goals associated with 
ensuring healthy lives (SDG-3), building resilient 
and sustainable cities (SDG-11), pursuing climate 
change adaptation and mitigation (SDG-13), among 
others. In an effort to better consider the interlinkages 
between various goals, ESCWA is promoting a nexus 
approach that links the SDGs related to water, energy 
and food security to climate change and a human 
rights based approach to Sustainable Development 
in the Arab region. This is being supported by a 
Regional Initiative for the Assessment of the Impact 
of Climate Change on Water Resources and Socio-
Economic Vulnerability in the Arab Region (RICCAR) 
to ensure the cross-sectoral effects of climate change 
are well incorporated into policy plans and efforts to 
achieve the SDGs

Furthermore, the means of calculating sustainable 
water withdraws in water scarce regions dependent 
upon non-renewable groundwater resources may 
need revisiting. Water availability is largely dependent 
upon the extraction of these resources in North Africa 
and the Arabian Gulf, which counters the conventional 
approach to defining sustainable use for present and 
future generations.

Interestingly, however, the method of computation 
proposed for measuring change in water use efficiency 
over time does provide some innovations that are 
suitable for application in water scarce regions. This 
is because the method aims not only to consider 
irrigation water use efficiency, but also water use 
efficiency as it relates to industry, energy production 
and domestic use. This will require complementing 
national statistical datasets with administrative 
records and reports generated by service providers 
and utilities, an approach already adopted by the 
MDG+ Initiative. This is in line with United Nations 
Statistical Commission recommendations that 
encourage drawing upon non-traditional data 
sources, such as administrative records and remote 
sensing, to complement national data sets. Using 
such tools could also improve monitoring of changes 
in unique water-related ecosystems common in water 
scarce regions, such as intermittent streams (wadis), 
salty flats (sabkahs) and oases.

Regional and country-level initiatives and innovations 
in water scarce areas should thus be recognized 
as means to overcome water scarcity and achieve 
progress towards the SDGs, as being pursued 
under the umbrella of the Arab Ministerial Water 
Council. Doing so requires consideration of regional 
specificities and local circumstances that draw 
upon disaggregated data sets, with special focus 
on vulnerable and marginalized communities. 
Regionally appropriate indicators and existing 
institutional frameworks should also be considered 
when designing monitoring frameworks and metrics 
for calculating targets and indicators in water scarce 
regions.
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This paper has a twofold goal. On the one hand, it 
wishes to highlight the nexus between transboundary 
water cooperation and the Sustainable Development 
Goals (SDGs). On the other hand, it wishes to stress 
that a stand-alone indicator capable of positively 
capturing the need for effective transboundary water 
cooperation is necessary in the context of SDG 
implementation.

The UN General Assembly adopted the SDGs in 
September 2015 and the international community 
is now embarked in a complex and delicate process 
aimed at establishing SDG indicators, which will 
then feed in the implementation and follow up and 
review process of the SDG themselves. Against this 
background, the SDGs need to be carefully assessed 
as a whole and not as a set of independent 17 goals. 
The nexus between goals and targets across the 
spectrum of the SDGs exemplifies the complexity 
of sustainable development governance. Within this 
context, transboundary water cooperation plays a 
significant role. Nexus and links should be considered 
not only in the context of the “water” goal, SDG 6, 
but across the wider spectrum of the SDGs. In fact, 
many of the over 30 direct or indirect links between 
water (surface and groundwater) and the other SDGs 
become even more acute, if framed in a transboundary 
context. Issues such as climate change adaptation, 
biodiversity protection, urban areas, food security, 
are just some of the topics covered by SDGs that 
are linked to transboundary water cooperation. In 
fact, virtually all SDG aspects, including gender, are in 
one way or another touched by transboundary water 
cooperation.

With the latter in mind, the paper moves to address 
the implementation of the SDGs and the importance 
of retaining transboundary water cooperation as 
a stand-alone indicator in such context. Target 6.5 
reads as follows “By 2030, implement integrated 
water resources management at all levels, including 
through transboundary cooperation as appropriate.” 
In a first effort to devise indicators for SDG 6.5 
only one indicator was suggested: “Degree of 
integrated water resources management (IWRM) 
implementation”. However, in successive iterations of 
the work of the Inter-agency and Expert Group on 
Sustainable Development Goal Indicators a second 
indicator has been included for SDG 6.5, which 
reads as follows: “Percentage of transboundary 
basin area with an operational arrangement for water 

cooperation.” Hence, a positive development can be 
appreciated by which a second indicator that focuses 
on transboundary water cooperation has been 
added to the list of indicators. With the final adoption 
of the SDG indicators looming in the summer of 
2016, and the implementation and follow up and 
review process pressing ahead, it is important that 
the international community keeps the momentum 
and backs the presence of a second indicator that 
is capable of positively capturing the transboundary 
water cooperation element of the SDGs. The paper 
will not only advocate for such an inclusion, but it 
will expand on what could be meant by “operational 
arrangement” in the context of an indicator for SDG 
6.5. Both terms “operational” and “arrangement” will 
be discussed in order to provide countries and wider 
stakeholders with a broad remit that encourages also 
the first signs of international cooperation: exchange 
of information. This is particularly important in the 
context of transboundary aquifers (TBAs), where only 
a handful of “arrangements” are in place, despite the 
increasing awareness of groundwater’s importance 
for global water security and the rising number of 
TBAs mapped around the world. Countries should 
be rewarded if they agree with their neighbor to 
set up “arrangements” that promote the exchange 
of information about the TBA, as such practice is 
the foundation for future effective transboundary 
cooperation.  Overall, if the indicator were to be 
met only by fully fledged “strong” agreements, akin 
to perfectly assembled Integrated Water Resources 
Management policies, this could be unrealistic and 
ultimately counterproductive. The SDGs should be 
seen as a positive platform where countries can 
work together to improve domestic, transboundary 
and global sustainable development issues, for 
which transboundary water cooperation is a crucial 
component. 

In conclusion, the paper will address the links 
between transboundary water cooperation and the 
SDGs in order to demonstrate the relevance that 
transboundary water cooperation will play in the 
implementation of the SDGs. The paper will then 
make a case for retaining a stand-alone SDG indicator 
capable of positively capturing transboundary water 
cooperation. What constitutes an “arrangement” 
and what makes such an arrangement “operational” 
become then crucial in the wider context of SDG 
implementation and follow up and review process. 
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Irrigated agriculture represents approximately 20% of 
the agricultural production area in the world. However, 
it accounts for almost 44% of the food production, a 
result of significantly increased productivity from these 
systems.  Yield gaps of rainfed and irrigated crops 
have been established for multiple crops in different 
countries and agricultural regions in the world (van 
Ittersum et al., 2013). There are typically multiple 
reasons why crops do not reach their full potential in a 
particular agricultural region. Some of the factors can 
be soil related such as nutrient depletion, low organic 
matter content, salinity, and poor physical structure, 
the presence of a hardpan restricting the root zone 
depth, pH imbalance, and low water holding capacity. 
Other factors that can affect crop productivity are poor 
quality of seeds, lack of fertilizer, weather extremes 
such as floods and droughts, insect and disease 
attacks. In addition, in many developing countries, 
poor local infrastructure, access to markets and 
microfinancing, lack of post-harvest storage facilities, 
lack of mechanization all take away the incentive for 
investing in improved agricultural inputs that could 
lead to higher crop yields.

The productivity of irrigated agriculture is usually 
significantly higher than rainfed agriculture as it 
eliminates water stress, a significant factor that 
reduces crop yield, allowing for the optimum use of 
all other inputs. Farmers with access to irrigation will 
typically invest more in agricultural inputs as their crop 
productivity is normally guaranteed with access to 
water. This is the case for smallholder farmers as well. 

Presently, China and India combined have 42% 
of the world’s irrigated area, with 90% of this area 
under gravity fed, surface irrigation systems. Over the 
last 30 years, there has been a significant increase 
in mechanized irrigation systems such as drip and 
sprinkler irrigation. For large scale, high productivity 
agricultural production they have become the systems 
of choice due to potentially more efficient use of water. 
The United States of America is third in the world in 
irrigated area with over 25 million hectares, 55% of 
which are under mechanized irrigation. In the corn 
belt of the US, irrigated maize in Nebraska, mostly 
under center pivot irrigation, has achieved large 
productivities averaging more than 12.5 t/ha with 16 
t/ha on the high end.

New agricultural frontiers in the savannas of Brazil, 
are increasingly irrigated using center pivot irrigation, 
allowing for the production of 2.5 crop cycles per 
year, guaranteeing high productivity even in the rainy 
season. Cassman and Grassini (2013) suggest that 
the expansion of irrigation is sub-Saharan Africa 
(SSA) will be necessary to guarantee self-sufficiency 
in crops such as rice, and maize. With similar climate, 
soil and water resources as the savannas of Brazil, 
SSA is certainly poised to become the next agricultural 
frontier, if investments in infrastructure are made and 
policies on land ownership and tenure become more 
flexible. Whether resilient and sustainable agricultural 
systems can be developed in SSA under future 
climate change conditions remains to be seen.
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The 2030 Agenda recognizes the importance of 
Science, Technology and Innovation (STI) for the 
implementation of the Sustainable Development 
Goals (SDGs) particularly in the Least Developed 
Countries (LDCs) (UN, 2015). It also recognizes the 
central role of water in all aspects of development 
and its importance to achieving the SDGs. The clear 
linkages of SDG 6 “Ensure availability and sustainable 
management of water and sanitation for all” to almost 
all the 17 SDGs, and the set of interconnected 
water-related SDG targets demonstrate how water is 
essential for economic growth (Shah, 2016).

LDCs are characterized by a high level of poverty (47% 
of the population), a low level of economic activity and 
a high level of vulnerability to internal and external 
shocks (Acharya, 2014). Among the 48 LDCs, more 
than 70% of them are located in sub-Saharan Africa 
(34 over 48). Even though their contribution to climate 
change is very low, climate change is the biggest 
threat to LDCs and they have already experienced 
the most severe impacts, such as floods, droughts, 
salinization, depletion of aquifers, land degradation, 
glacier melt, rising sea levels and coastal erosion. 
Climate-related disasters are five times more likely to 
kill people in LDCs than in the rest of the world. 

In LDCs economies, formal water infrastructure and 
institutions are mostly non-existent and people rely 
on local and informal water supplies. In addition, as 
they are mostly dependent on agriculture (60-70%), 
severe droughts can severely affect the development 
of the countries. While agriculture accounts for two 
thirds of the population, it represents only 22% of 
total GDP of LDCs (Acharya, 2014). Subsistence 
agriculture prevails and is the backbone. Agricultural 
productivity is low which implies low incomes, limited 
availability and affordability of food, hence hunger 
and malnutrition. Agriculture, however, holds great 
promise for future growth and job creation. In Africa, 
women make up more than half of the farmers and 
produce up to 90% of the continent´s food. Promoting 
agricultural production and food security is, therefore, 
one of the effective ways to drive inclusive growth and 
reduce poverty.

On top of those factors, infrastructure deficiencies 
prevent LDCs from realizing their full water, food 
and energy security potential. Africa, especially sub-
Saharan Africa, is characterized by minimal water 

storage capacity, resulting in gross underutilization 
of Africa´s abundant water resources. Only about 5% 
of available water resources are currently developed 
for productive use, only 5% of Africa’s cultivated 
land is irrigated and less than 10% of the continent’s 
hydropower potential has been tapped (compared 
to 75% in Europe) (UNEP, 2010). Almost 40% of 
Africans do not have access to safe water and 70% 
have no access to sanitation. Access to electricity in 
Africa is about 30% vs 70% to 90% in the emerging 
world and the electrification gap keeps on growing. 
Inadequate energy supply constrains productivity and 
also processing and storage of produce.

To overcome all these challenges, LDCs need a 
customized development model with STI as its basis. 
STI need to deliver on the SDGs and promote an 
inclusive green growth for all. Sustained investment 
in new technologies and continuous innovation in 
areas such as water, agriculture, and clean energy are 
required for LDCs’ sustained growth, competitiveness 
and economic transformation. Innovation in green 
technologies offers new opportunities for growth and 
for productive employment.

The development process in LDCs should be viewed 
in a comprehensive and holistic manner. The green 
development model represents a viable solution for 
true sustainable development and a real opportunity 
for LDCs to catch up on their development pathway 
(Second Ministerial Forum on STI in Africa, 2014). 
The use of STI as well as indigenous knowledge in 
designing a specific Green Development Model can 
shape LDCs’ future development.

“Scientific or technological innovations have a greater 
chance of being scaled up and achieving global 
impact if they are developed from the outset with 
appropriate social and business innovations” (Grand 
Challenges Canada, 2010). “Integrated innovation” is 
therefore needed in all areas of water management: 
multipurpose storage infrastructure, sanitation supply 
chain, stormwater management, multiple use water 
services, resource recovery and reuse, integrated 
urban water management, etc. Other measures 
include traditional and modern water harvesting 
techniques, improved groundwater management, 
water conservation, and planting of drought-resistant 
and early-maturing crops. 
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Building on traditional knowledge related to natural 
resources management will allow coping with shocks 
and help sustain livelihoods. Also, advances in 
hydrological information systems could benefit the 
LDCs. Drought early warning and monitoring programs 
could be strengthened. Long-term programs must 
adopt a holistic approach involving a variety of actors 
and partnerships with the private sector and locally 
based institutions would help to provide services to 
the local populations. Regional cooperation should 
also be addressed to solve regional water problems, 
for conflict resolution and peace-building.

Given the increasing need to manage water 
risks, new tools are needed to support policy 
development and decision making and enable the 
effective and sustainable management of water 
resources. These include: a) increasing knowledge 
about water resources as a system; b) developing 
rigorous analytical frameworks to facilitate decision-
making and investment into the water sector; c) 
developing risk-based decision-making techniques 
to enable adaptation to climate change impacts 
as well as responding to the changing needs for 
food and energy security of a growing population; 
d) developing water system modeling techniques 
and the monitoring systems and data collection to 
validate them; and e) building institutional capacities 
to strengthen institutional systems that function within 
increasing complexity, cutting across sectoral silos 
and sovereign boundaries (Ait Kadi, 2014).

Governments should assert their leadership role 
in guiding water resources management including 
giving priority to investment in STI and building 
stronger STI capacities (UNSGAB, 2015). The 
technical knowledge base should be improved at 
national, regional and sub-regional levels for water 
resources management, transboundary cooperation 
and climate change. A water STI platform should 
be established to help LDCs meet their STI agenda 
by facilitating collaboration, awareness, research, 
knowledge and capacity building (Ait Kadi, 2014).
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The need for better sanitation in the developing world 
is clear. Forty percent of the world’s population – 
2.5 billion people – practice open defecation or lack 
adequate sanitation facilities, and the consequences 
can be devastating for human health as well as the 
environment. Even in urban areas, where household 
and communal toilets are more prevalent, 2.1 billion 
people use toilets connected to septic tanks that are 
not safely emptied or use other systems that discharge 
raw sewage into open drains or surface waters. Poor 
sanitation contributes to about 560,000 child deaths 
from diarrhea each year. Chronic diarrhea can hinder 
child development by impeding the absorption of 
essential nutrients and reducing the effectiveness 
of life-saving vaccines. The New UN Sustainable 
Development Goals (SDGs) target 6.2 and 6.3 have 
prioritized sanitation, calling for universal access and 
halving the proportion of untreated wastewater and 
substantially increasing recycling and safe reuse 
globally.

To address these challenges, the Bill & Melinda Gates 
Foundation Water, sanitation and hygiene program 
took an approach to develop the next generation of 
innovative technologies for the 21st century sanitation 
industry. The portfolio of technologies range from 
reinvented toilets products, pit latrines emptying 
solutions to off-grid and financially viable resource 
recovery processing plants. The reinvented toilets, 
unlike existing ones, destroy pathogens from human 
waste, recover resources such as water, energy, 
fertilizer for reuse/recycling, support businesses 
opportunity for local entrepreneurs. Similarly, the pit 
emptying technologies and waste processing plants 
are being designed to support affordable service 
delivery and profitability of local entrepreneurs.

Beside the technologies developed with support 
from the Gates Foundation, there is a nascent, 
but fast growing, sanitation industry (inventors, 
manufacturers, investors, services providers) that is 
experimenting with success, market led approaches 
for sanitation service delivery. These examples have 
inspired several other investors and governments and 
are beginning to lay the groundwork to support this 
growing industry in the very near future. The untapped 
opportunity is huge. For example, the market size for 
people without toilet is 2.5 billion and the market for 
pit latrines emptying is double that number.

Over the last 5 years, several business models have 
been tested. A closer look at those models provide 
strong evidence that sanitation service provision for 
poor communities can be structured as a utility service 
for the benefits of clients (families and communities), 
service providers and government. There is also more 
a growing consensus from ongoing case studies that 
innovative technologies that enhance service quality 
by destroying pathogens; are aesthetically appealing; 
provide security for women and girls, affordable or 
recover valuable resources; and have a potential to 
create demand. This presentation focuses on leading 
technologies developed with support from the Bill & 
Melinda Gates Foundation, and will showcase PPP 
approaches to accelerate service delivery in order to 
meet the new UN Sustainable Development Goals 
targets for sanitation. The Author will also share 
potential business approaches and investment 
models that will lay the path for the nascent non-
sewered sanitation industry.
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Introduction

In September 2015, 193 UN member states agreed 
on 17 ambitious Sustainable Development Goals and 
169 targets to guide our efforts to achieve sustainable 
development and eradicate poverty over the next 15 
years. Water plays a prominent role in the SDGs. 
SDG6 formulates goals for, drinking water, sanitation, 
water quality and pollution prevention, water efficiency, 
IWRM, and the restoration of ecosystems. Water is 
furthermore included in SDG2 (Food), SDG3 (Health), 
SDG5 (Gender), SDG7 (Energy), SDG11 (Cities, water 
and disaster), SDG13 (Climate) and SDG14 (Oceans)

Implementation

The discussions at the UN level must now be 
translated into a strong commitment by all 
stakeholders to implement the 2030 Agenda and 
achieve its Goals and targets. Implementation is a 
prime responsibility for the individual member states, 
both for developed and developing countries. Several 
mechanisms already exist to assist developing 
countries in implementing the goals. This includes 
bilateral and multilateral cooperation but for instance 
also the work of the new WB-UN High Level Panel on 
Water. Such a comprehensive mechanism for water is 
lacking. For an effective and efficient implementation, 
it is absolutely necessary to work with an integrated 
approach, connecting the various water elements of 
all the SDGs. 

Monitoring, review, political guidance

The 2030 Agenda recognizes the need for country-
led “robust, voluntary, effective, participatory, 
transparent and integrated follow-up and review” 
in order to support national implementation and 
accelerate progress. It envisages that the global 
review frameworks are centered on the High-level 
Political Forum for Sustainable Development (HLPF) 
and that thematic follow-up and review at the global 
level, while being open and inclusive, will essentially 
build on the work of UN intergovernmental bodies, 
such as the ECOSOC functional commissions.

UNSGAB report on Global Water Architecture

The final report of the UN Secretary-General’s 
Advisory Board on Water and Sanitation (UNSGAB, 
2004-2015), highlights that there is currently a 
mismatch between the holistic and ambitious 2030 
Agenda vision of water and sanitation management 
and the international political structures available to 
effectively contribute to its implementation. 

UNSGAB’s key recommendations to remedy this 
deficiency are: 

The creation of a UN Intergovernmental Committee 
on Water and Sanitation for the thematic follow-up 
and review at the global level, 

The strengthening of UN-Water; as the coordinating 
structure of UN actions on water and sanitation, UN-
Water serves as the Secretariat and support entity for 
the UN Intergovernmental Committee on Water and 
Sanitation

The setting up of a comprehensive global water and 
sanitation monitoring framework to support follow-up 
and review with high-quality data.

Based on UNSGAB’s fundamental analysis, the 
current setup of the global water institutional 
architecture will not allow effective and coordinated 
support for Member States in implementing the 2030 
Agenda. It also does not allow for a comprehensive

and integrated follow-up and review of progress 
towards implementing the new global water agenda.

A “fit for purpose” UN institutional water architecture 
for the 2030 Agenda

At the moment a group of countries (DE, CH, HU, 
FR, FI, NL) is developing ideas for the setup of 
such an overall water architecture. All interested UN 
Member States are welcome to join and support the 
development and further work on a coherent concept 
for a global institutional water architecture that is “fit 
for purpose”. Main elements of the current state of 
thinking are:

(1) to provide a dedicated intergovernmental body for 
comprehensive and integrated follow-up and review 
to show progress
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(2) to strengthen UN-Water and maximize system-
wide coordinated action and coherence.

The discussion on the new SDG water architecture 
should result in a proposal for a UN resolution aimed 
at the establishment of an Intergovernmental body. 
This open process will continue in the coming year.

Indicators

Achieving the SDGs will first require translating the 
goals and targets into tangible and measurable 
objectives. UN Member states have agreed to 
delegate that task to the UN Statistical Commission. 
The Commission has, in turn, asked a smaller expert 
group to propose at least one indicator for each of the 
169 targets of the SDGs, to eventually be approved 
first by ECOSOC and finally by the UN General 
Assembly. A potential problem of this approach is that 
many of the targets address two or more elements, 
which almost makes it impossible to capture them in 
one sole indicator. 

GEMI – Proof-Of-Concept (POC) countries: 
The Netherlands 

The Netherlands have agreed to be a Proof of Concept 
country for the Global Expanded Water Monitoring 
Initiative (GEMI). The long term goal of GEMI is 
to (i)  establish and manage, by 2030, a coherent 
monitoring framework for water and sanitation to inform 
the post-2015 period, and (ii)  contribute to country 
progress through well-informed decision-making on 
water, based on harmonized, comprehensive, timely 
and accurate information. The specific objectives of 
GEMI are to:

Integrate and expand existing monitoring efforts, to 
ensure harmonised monitoring of the entire water 
cycle 

Provide Member States with a monitoring guide for 
SDG targets 6.3-6.6 

Engage Member States and enhance their capacity in 
water sector monitoring 

Report on global progress towards SDG targets 6.3-
6.6

The GEMI framework allows Member States to 
pursue national monitoring interests with flexibility, and 
address national and regional issues while maintaining 
compatibility with global monitoring efforts. The 
methodologies will also combine traditional and 
innovative data collection. 
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The predominant research agenda within hydrologic 
sciences and water resources research are not 
oriented to provide needed insights related to key 
societal needs or, in particular, the Sustainable 
Development Goals. Instead, countless resources 
are consumed in attempts to predict the distant 
outcomes of climate change on the water sector 
despite limited evidence of skill or utility of such 
efforts. In addition, a widely accepted primary 
objective for hydrologic research is contributing to a 
better understanding of the earth’s energy balance 
to better foresee the evolution of the earth’s climate 
in response to anthropogenic forcing. While such 
research is certain to reap numerous citations and 
scientific kudos, these research directions miss the 
immediate service that hydrology could serve on 
topics related to the Sustainable Development Goals 
and more generally in support of the pressing needs 
of society. The difficulty in specifying meaningful 
SDG targets for water resources management is a 
prominent manifestation of this gap. 

Why is defining water resources management targets 
so difficult? One hypothesis is the inherent mismatch 
between global targets and the local nature of water 
management makes the global targets irrelevant 
to the issues at hand. A second hypothesis points 
to a broader concern: that we know far too little 
about the water resource systems of the world, the 
complex interactions between human society and 
the hydrosphere. Further, we spend far too little effort 
examining them scientifically. 

To do so requires a broadening of the typical hydrology 
skillset although much can be accomplished through 
the integration of economics and hydrology that is 
the hallmark of water resources systems analysis. 
This paper will illustrate the means by which 
hydrologic science can better serve society through 
example studies of two prominent challenges facing 
society that warrant the full attention of the research 
community. These are (1)  adaptation to climate 
change and (2) the growing scarcity of freshwater 
resources and the consequent competition. These 
examples demonstrate the promise that a greater 
scientific research focus on human-hydrologic 
systems (i.e., populated river basins, groundwater-
based agricultural systems) holds as a path forward 
for a hydrologic science that better serves society. 
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